Dozens of chemicals, both natural and manmade, are often found in drinking water. Some, such as the natural contaminants uranium and arsenic, are well-known toxicants with a large toxicology database. Other chemicals, such as methyl tertiary-butyl ether (MTBE) from leaking fuel tanks, we learn about as we go along. For still others, such as the alkyl benzenes, there are very little available data, and few prospects of obtaining more. In some cases, chemicals are purposely added to drinking water for bene cial purposes (e.g., chlorine, uoride, alum), which may cause a countervailing hazard. Removing all potentially toxic chemicals from the water is virtually impossible and is precluded for benecial uses and for economic reasons. Determination of safe levels of chemicals in drinking water merges the available toxicity data with exposure and human effect assumptions into detailed hazard assessments. This process should incorporate as much conservatism as is needed to allow for uncertainty in the toxicity and exposure estimates. Possible sensitive subpopulations such as unborn children, infants, the elderly, and those with common diseases such as impaired kidney function must also be considered. However, the range of sensitivity and the variability of toxicity and exposure parameters can never be fully documented. In addition, the validity of the low-dose extrapolations, and whether the toxic effect found in animals occurs at all in humans, is never clear. This publication discusses how these competing needs and uncertainties intersect in the development of Public Health Goals for uranium, uoride, arsenic, perchlorate, and other highly debated chemicals.
We expect the water we drink to be sparkling clear and clean, with no hazardous chemicals of any sort and no microbiological contaminants. However, water is a wonderful solvent. It dissolves a little of everything it touches, and, with just a trace of minerals, is an excellent growth medium. It can be puri ed, but it won't stay pure. It can be boiled or chemically sterilized, but unless it is hermetically sealed, it will be quickly recolonized by microbes.
The argument is made that we shouldn't drink absolutely pure water, because our body needs the minerals commonly found in water. Pure water, such as freshly distilled water, is also at and tasteless. So we want only good chemicals and no bad chemicals, in our drinking water. As noted above, considering the properties of water as a solvent and growth medium, this is impossible. Therefore, it becomes important to determine how much of what chemicals we should tolerate in our water supply, and how to achieve these levels.
In the Of ce of Environmental Health Hazard Assessment (OEHHA) of the California Environmental Protection Agency, our drinking water toxicology program attempts to determine safe levels of chemicals in drinking water, following generally accepted principles of risk assessment (Fan, Howd, and Davis 1995; Howd et al. 2000) . Our assessments, as de ned under the California Safe Drinking Water Act of 1996 (Health and Safety Code Section 116365), are based only on public health and cannot consider cost and feasibility in de ning what constitutes a safe level. Sensitive subpopulations, which might include infants, children, pregnant women, the elderly, and individuals suffering from common ailments such as limited kidney function, must be considered. Genetic variations, such as the several different alleles for liver metabolizing enzymes, are also becoming a more explicit factor in the evaluations. The conclusions of the assessments are published as Public Health Goals, or PHGs. A list of the recommended levels of the chemicals evaluated so far and the supporting risk assessment documents are available on the OEHHA website at www.oehha.ca.gov. This article will cover some of the basic risk assessment considerations for chemicals in drinking water. A discussion of problem chemicals is then provided to illustrate the considerations involved in providing safe and acceptable drinking water for our entire population.
WHAT IS "SAFE"?
For risk assessment of chemicals, "safe" means a level or dose that provides a negligible risk of toxic effects. It does not mean that no one, under any conditions, could possibly be harmed. This is similar to the way the word is used in common practice; a safe street, for example, is judged to be one where there are no unusual hazards, and accidents are uncommon. For risk assessment, safe is estimated differently for carcinogens and noncarcinogens.
Carcinogens are assessed according to the risk or likelihood of developing a tumor during a lifetime of exposure. The risk assessments may be made based on either human epidemiology data or on animal studies. Because there are few identi ed human carcinogens, most of the information is from animal studies. For the animal studies, this customarily means giving large doses of chemicals to groups of 50 rats or mice of either sex for a lifetime, counting tumors of various organs, and extrapolating to lower doses to estimate human exposures and risks. The extrapolation is based on a no-threshold assumption, that is, that toxicity varies linearly with dose through zero dose.
There is no legal de nition of what constitutes an acceptable cancer risk. The United States Environmental Protection Agency (US EPA) bases cleanup decisions for toxic waste on cancer risks in the range of 10 ¡4 to 10 ¡6 , or 1 in 10,000 to 1 in 1 million cancer cases for lifetime exposures. Maximal risks in occupational exposures have often been set at 10 ¡3 to 10 ¡5 . California's Proposition 65, which represents a vote of the people, sets the risk warning level at 10 ¡5 . In the OEHHA drinking water program, our policy is to state PHG values at the 10 ¡6 level, but also provide the 10 ¡4 and 10 ¡5 risk levels. The 10 ¡6 risk level could be inferred to be our de nition of safe. There is some legal precedent for judging a 10 ¡6 risk level as a de minimis, or legally negligible level.
Noncarcinogens are generally assumed to have a threshold for toxicity. In toxicity tests, the lowest toxic dose and the highest dose causing no toxicity are identi ed. These are called the lowest-observed-adverse-effect level (LOAEL) and the noobserved-adverse-effec t level (NOAEL), respectively. However, when small numbers of animals are tested at high doses, and the results are extrapolated to large populations of humans at low doses, the actual threshold in humans will be uncertain. Humans could be more sensitive than the test species or have equal or less sensitivity. If toxicity data are available in humans, this is also considered, although often the exposures and resulting doses are more uncertain than in the animal studies. In order to ensure that there will be no toxic effects in humans, including possible sensitive subpopulations, uncertainty factors are used. The NOAEL is customarily divided by a large uncertainty factor, often 100 to 1000, to provide a dose that can be predicted to have no effects in exposed humans. This is considered the safe dose. Estimates can be made for both acute (single-dose) and chronic exposures, or for special cases such as exposures during pregnancy.
For many chemicals, there are minimal toxicity data. For example, of the hundreds of chemicals present in gasoline and oil products, only a few dozen have been tested at all. The less data there are available, the more uncertain is the result, which means that the uncertainty factor must be larger. This obviously does not imply greater toxicity. Because of the large uncertainty factors, exceeding an estimated safe dose also does not mean that toxic effects should necessarily be expected. It merely means that the chances of a toxic effect are increasing. With an uncertainty factor of 1000, for example, 1000 times the estimated safe dose might still produce no toxic effects at all.
LIVING WITH UNCERTAINTY
Toxicologists and epidemiologists do their best to explain and allow for uncertainty in their risk assessments. The speci c types of uncertainty are identi ed. The most obvious uncertainty is that derived from extrapolation from animal studies. A limited number of animal species are used in toxicity testing, and information is incomplete as to their relative sensitivity for various types of toxic effects, compared to humans. However, as information accumulates about toxic effects and genetic differences among species and strains, this uncertainty should decrease. In addition, some toxic effects can be studied in isolated human tissues, such as cell cultures, and the results extrapolated to effects in the whole body. The developing science of physiologically based pharmacokinetic or toxicokinetic modeling is yielding improved human toxicity predictions (Clewell et al. 2000) . Large, carefully conducted epidemiological investigations are also provided increasingly useful perspectives on environmental contaminants (Cantor 1997) .
In addition to this type of uncertainty, variability must be considered (Hattis et al. 1999b) . First, there is the statistical variability among animals and experiments. With a nite number of animals in a test (or humans in an epidemiological study), the variability in responses among individuals leads to uncertainty in predicted responses in large populations. For prediction of possible toxic effects in humans, there is uncertainty in exposure as well as in expected response to a particular dose. These factors can be expressed as a statistical distribution of expected doses and possible responses (Hattis, Banati, and Goble 1999a) . In some cases, the most highly exposed population might also be the most sensitive. This could be the case, for example, for risk of exposure to developmental toxicants in drinking water, because rapidly developing infants and children drink more water, on a volume-to-body weight basis, than other population groups. Risk assessment commonly includes a 10-fold uncertainty factor to allow for this type of variability among humans. In other cases, a risk assessment might be based on a known sensitive population such as infants, so a lower uncertainty factor for sensitive humans might be justi ed.
The biggest uncertainty in risk assessments is often whether the toxicity data in the exposed animal or human population really apply to humans exposed at low environmental concentrations of the contaminants. Extrapolations of toxic dose levels by up to 100,000 are relatively common. This occurs when a dose that causes tumors in 10% of an animal population is used to predict a 1 in 1 million risk in people. From such data, there is no way to be sure that the estimated risk is real. From a human study, such as for arsenic (see below), there is less extrapolation, but the risk may still be uncertain. However, cancer rates lower than about 1 excess cancer in 10,000 people can rarely be statistically documented. For common tumors, the statistical sensitivity will be even less (sometimes lower than 1 in 100). Therefore the risks could be quite high without being noticed statistically in hospital admissions and cancer deaths. The situation is of course similar for other toxic end points, such as birth defects and endocrine disruption.
We should agree, therefore, that the estimated risks are not all equivalent; some are more certain than others, and some are more frightening than others. However, recognizing and allowing for the uncertainty is not just a problem for risk assessment. This uncertainty is an inherent part of the burden for risk management of chemicals in drinking water, which should be kept in mind in considering the problem chemicals in the following sections.
COMMON CHEMICALS OF CONCERN
If one looks hard enough (with a sensitive enough assay), one can nd almost anything in water. Table 1 lists a few of the substances that are commonly found in California drinking water. These are, at least in some amount, nearly unavoidable in drinking water because they are ubiquitous in our environ- ment or present as a result of our own actions. Trace pesticides and solvents are missing from this list; but a few such contaminants are discussed later. Microbiological contaminants such as Cryptosporidium and Giardia are also commonly present, but are not discussed here. Gibson, Haas, and Rose (1998) provide an up-to-date review.
The chemicals or substances in Table 1 are either naturally present in water, or become contaminants because of deliberate human activities. Many other substances could be added to the list. These chemicals have been under recent discussion in California and much of the rest of the country for possible excessive risks in drinking water. There are existing regulatory limits, called maximum contaminant levels (MCLs), for these and other chemicals in drinking water. The regulatory limits are set by the US EPA, but individual states may set their own water standards at levels equal to or lower than the US EPA values. The MCLs may or may not correspond to the desirable "safe" levels, because considerations of cost, feasibility, and competing interests such as bene cial use are factored into the determination of regulatory levels. Also, some estimated safe levels are below the level of detection for the chemical in drinking water, which would make the safe level irrelevant as a quality control standard.
A discussion of the toxicity and potential problems with each of the chemicals in Table 1 provides an overview of the dif culties of achieving a "pure" water supply.
Chemicals
Aluminum is a known human neurotoxin. It was associated with dialysis dementia, as a trace contaminant of dialysis uids, before its contribution to this disease became known, and it was controlled in kidney dialysis systems (Lockwood 1989) . In the form of alum, aluminum is deliberately added to drinking water as a occulent. There is a longstanding controversy concerning a potential link of aluminum with Alzheimer's disease or other brain degeneration disorders (Savory et al. 1996) . Total daily exposure to aluminum can be very large, considering its use in antacids. People with impaired kidney function could be a sensitive population. The extent to which exposures to aluminum in drinking water may contribute to total body load of aluminum is not clear because of uncertainties about the low and variable absorption of aluminum in various chemical forms and from various sources. Nevertheless, aluminum appears to be safe as de ned above, in the concentrations allowed in drinking water.
Arsenic in ground water has been associated with skin keratosis and hyperpigmentation, as well as malignant tumors of skin, lung, and bladder. These effects have been documented in several countries, including Bangladesh, Mongolia, and Taiwan. Arsenic is deposited in natural subsurface formations, and can readily leach into well water. In some California wells, levels in excess of the current California MCL of 50 ¹g/l have been found. Many water systems throughout the United States contain arsenic well in excess of the new US EPA MCL of 10 ¹g/l. This concentration corresponds to approximately a 2 £ 10 ¡4 cancer risk level, or 2 cases in 10,000 people drinking the water for a lifetime (US EPA 2000) . Most of the people in California are probably provided with tap water containing more than the amount associated with a cancer rate of 1 in 1 million, although this is far below the California detection limit for reporting of 2 ¹g/l. Bottled water, particularly mineral water, also frequently contains levels of arsenic in the 1 to 10 ¹g/l range.
Asbestos is a natural ber found in ground water because it is a constituent of common rocks such as serpentine, and it also was incorporated into the concrete used to make some of the larger water pipes. In air, asbestos bers cause lung cancer. Whether they cause cancer when ingested in drinking water is uncertain (Morris 1995; Kanarek 1989 ). Nevertheless, it seems prudent to control the level of bers in our drinking water supplies. Filtration of source waters is relatively cheap. However, if it were deemed appropriate to replace all asbestos-containing water pipes, this would cost billions of dollars. Current practice is to replace pipes only when tests reveal asbestos bers at levels above the MCL of 7 million bers per liter from deteriorating pipe sections. It can be assumed that all such pipes will eventually deteriorate and release unacceptably high levels of asbestos bers into the drinking water.
Chromium is a relatively common element, and is routinely found at low levels in drinking water. Chromium is an essential mineral in our bodies, but in the hexavalent ionic form (Cr C6 ) is a known carcinogen. Lung cancers have been observed in many occupational studies. An elevated rate of gastrointestinal cancer, assumed to be from secondary swallowing of some of the inhaled materials, is also noted in several of the studies, but whether Cr C6 is an oral carcinogen has been quite controversial (OEHHA 1999; De Flora 2000) . Cr C6 has recently been found in ground water in several California localities and was the subject of the recent Erin Brockovich movie. The movie described problems in Hinkley, California, located in the desert east of Los Angeles, which were alleged to result from chromium contamination from its use in a power plant cooling tower. Widespread use of chromium in metal plating, tanning, and as a wood preservative may also result in ground water contamination. The proportion of the total chromium found in ground water that is derived from natural sources, or for which no point source (a speci c polluter) can be determined, is presently unknown. OEHHA had estimated a 10 ¡6 cancer risk level for Cr C6 of 0.2 ppb, which is far below the concentration found in drinking water wells in several locations in California's San Fernando Valley (up to 6 ppb). Due to limited available water supplies, decisions as to whether to use, treat, or discard the water were dif cult and potentially very expensive. The current thinking is that Cr C6 should not be treated as an oral carcinogen, which avoids this problem. However, debate over the toxicity assumptions continues.
Copper is also an essential mineral. In relatively high concentrations in water, it can cause stomach irritation and diarrhea. The regulatory limits are 1.0 or 1.3 mg/l, which correspond to the federal secondary standard and "Action Levels," respectively. An MCL has not been established for copper. These regulatory levels are close to the gastrointestinal irritation level in children (OEHHA 1997a) . In a genetically susceptible population, excess copper causes a type of brain degeneration known as Wilson's disease. The main copper source is the copper pipes used in the water distribution system used inside the home. Changes in water chemistry can affect the amount of copper observed at the tap; the lower the pH, the more copper can be leached from the copper pipes. Because Wilson's disease is relatively rare, this has attracted little public or regulatory attention, despite the ongoing scienti c discussion (National Research Council [NRC] 2000) .
Disinfection by-products are a group of chlorinated and brominated chemicals derived from water chlorination. These include the trihalomethanes, haloacetic acids, and chlorate and bromate ions. Over 600 different chemicals have been identi ed, several of which have produced tumors or reproductive effects in rodent studies. Epidemiology studies have produced some evidence of kidney and bladder cancer, and adverse reproductive outcomes (Waller et al. 1998; King, Dodds, and Allen 2000) . However, chlorination of water to prevent waterborne diseases such as cholera has also been credited as the most signi cant action ever taken to improve public health. An alternative to chlorination, chloramine treatment, also leads to contamination with disinfection by-products. Other alternatives, ozone or ultraviolet (UV) treatment, produce less by-product s but also leave water with no protection against bacterial contamination and regrowth in the water distribution system. The total cancer risk from chlorination-derived by-products has been estimated as about 10 ¡4 . It cannot be decreased to below a 10 ¡6 risk without interfering with effective disinfection. Various means to decrease total risk are being proposed (Boorman 1999) .
Fluoride is present as a natural constituent in some water supplies, and has been added at about 1 ppm to many more municipal water systems to prevent tooth decay. Fluoride has been controversial because it causes some tooth discoloration (an increasing incidence at concentrations above about 2 ppm), and skeletal uorosis at still higher concentrations (long-term exposures to about 10 ppm or more). Dentist-applied uoride treatments to children's teeth, plus use of uoridated toothpaste as well as consumption of uoridated water, are likely to result in noticeable dental uorosis, so actions to limit children's uoride exposure are sometimes appropriate. This is the only chemical evaluated so far in the OEHHA PHG program for which no uncertainty factor was applied, because both the bene cial and toxic effects and dose-responses are so well de ned (OEHHA 1997b) .
Lead has many potential sources in drinking water, including solder in pipe ttings and faucets. The mental retardation associated with excess lead exposure to developing children is well known and comprehensively described (Weiss and Landrigan 2000) . The major source of lead exposure to urban children is incidental consumption of topsoil, which has been contaminated by decades of use of leaded gasoline. Some childhood lead exposures are also due to mouthing objects painted with lead-based paints or eating contaminated paint chips peeling from deteriorating walls. Lead has been banned from household paints since about 1978, but it still is a problem in many older homes. Increased blood pressure in adults from excess lead exposure is also well documented. Black males appear to be a more sensitive population. This effect is more likely to result from occupational exposures. Lead contamination in drinking water is rarely from municipal sources, although rumors of lead pipes hidden away in distribution systems are still fairly common in some eastern US municipalities. The response to reports of lead contamination is to remove any identi ed sources. In effect, there is no threshold for lead toxicity because background exposures are so close to the range of known toxic effects. Children's blood lead levels should be kept below 10 ¹g/dl to avoid the possibility of mental retardation (Berney 1993) .
Nitrate and nitrite in drinking water commonly result from excess application of nitrate fertilizers. Contamination from animal manure or human excrement (e.g., from septic tanks) is also common in rural areas. Gut bacteria can metabolize some proportion of nitrate to nitrite in humans. The nitrite reacts with hemoglobin to form methemoglobin, which impairs the ability of red blood cells to deliver oxygen to tissues. Infants are a sensitive population (the "blue baby" syndrome) due to a greater formation of nitrite and an altered intestinal bacterial population, compared to adults. There also is an identi ed subpopulation of individuals with a genetic susceptibility to nitrites due to a deciency in NADH-methemoglobin reductase. Poisoning from nitrate is rarely observed in US infants; it is more common when there are concurrent nutritional de ciencies and/or infectious diseases in infants. Nevertheless, relatively high nitrate levels in drinking water wells in some rural areas are of concern, and the potential for toxic effects provides a reason for vigilance (Ellis et al. 1998) . Once in the groundwater, the nitrate contamination is not feasible to remove.
Radon gas dissolves into ground water from radium-bearing strata, and may be delivered in municipal sources or from private wells. Radon is a radioactive element and is classed as a known human carcinogen. Estimated lung cancer rates from drinking water radon are well above the 10 ¡6 risk level in several areas of the country. There appears to be synergism between lung damage caused by smoking and that caused by radon, so about 90% of the radon lung cancer risk occurs in smokers (NRC 1988) . However, in areas where radon levels are high in water supplies, they are frequently even higher in homes from direct migration of radon into the home from the soil, through foundation cracks, etc. Thus it has been estimated that it would be more cost-effective in promoting public health to control migration of radon into homes and carry out antismoking campaigns than to control radon in the water supply. The public has a right to make such choices. Water purveyors may not be able to do so, however, because they control only the water supply. The recent NRC/NAS Radon Committee report recommends an "Alternative MCL" for radon of 4000 pCi/l (NRC 1999) .
Uranium is a natural constituent of California waters. It is found in ores at approximate isotope percentages of 99.3% U 238 , 0.7% U 235 , and 0.006% U 234 . All of these isotopes are radioactive, and uranium is usually measured by its radioactivity. Kidney damage has been associated with the levels found in some water systems, and this is the basis identi ed by OEHHA for its PHG. Cancer and mutagenicity are assumed for uranium because it emits ionizing radiation, although the 1 in 1 million risk level is higher than the level associated with kidney toxicity. The average amount of uranium in US drinking water is about 2 pCi/l (Cothern and Lappenbusch 1983) , which is well above the 1 in 1 million cancer risk level. The level OEHHA has estimated to protect humans from kidney toxicity is about 0.2 pCi/l (or 0.3 ppb at the speci c activity found in California), which is also below the 1 in a million cancer risk level. The potential effort and expense required to decrease uranium levels to below the PHG level in California is unknown, but likely to be substantial (see Cothern and Rebers 1990) .
As should be evident from the above summaries, the choices that are made for most of these common chemicals involve some tradeoffs in estimated risk versus costs and bene ts. Will the public, when adequately informed, accept the above risks, or decide that something must be done about them? There is no company or individual to blame for most of these chemicals in our drinking water, so the public will have to bear the costs and accept the consequences of the decisions. Of course we are already doing this, as individuals, in such decisions as whether or not to smoke, drink alcohol, and exceed the speed limit. However, we seem to have a greater aversion to risk from toxic chemicals in our drinking water. This is particularly true when the chemicals are not natural constituents or chemicals we have chosen to add to water for their bene cial effects. To provide further perspective, some examples are provided of this latter class of pollutants.
The Accidental Pollutants
Many chemicals have been introduced into our drinking water by identi able human actions, without a public interest or consensus. Pesticides and solvents are the main chemicals of this type. Ground water contamination has not, in general, resulted from malice, but usually from human error or lack of knowledge about environmental distribution of chemicals. The pesticide dibromochloropropan e (DBCP), the gasoline additive methyl tertiary-butyl ether (MTBE), and the rocket fuel component perchlorate are good examples of such chemicals, although there are many others. These three are discussed here because they have been particular problems in California ground water and represent a range of causes and responses.
Dibromochloropropane, or DBCP, was used extensively as a fumigant in fruit orchards in California. Depressed sperm counts and infertility were noted in the manufacturing plants. Risk assessments resulted in low estimated safe levels; male sexual maturation may be particularly at risk (Teitelbaum 1999) . Concentrations far higher than the estimated safe levels were discovered in the shallow aquifers in California's Central Valley. The pesticide registration was cancelled and various legal actions were taken against its manufacturers and distributors. DBCP will remain at excessive levels in the ground water for several more decades. Municipal drinking water supplies have been switched to deeper, uncontaminated aquifers; residents of rural areas use bottled water.
Methyl tertiary-butyl ether, or MTBE, has been added at concentrations of 10% to 15% to gasoline to produce a cleanerburning fuel. It has leaked out of undergroun d fuel tanks in many areas of California and elsewhere throughout the nation. In California, it is regulated as a carcinogen (California Department of Health Services [DHS] 2001), although opinion differs across the country (Stern and Tardiff 1997) . US EPA considers the data insuf cient for designation of MTBE as a carcinogen. MTBE also gives an off avor to water, which is the primary regulatory basis in some areas. Because most of the contamination is recent, ground water plumes are small, point sources are often identi able, and cleanup is theoretically feasible. The usual option is pump and treat, with the resulting water dumped into streams rather than immediately used as drinking water, although the treated water may meet drinking water safety standards. Oil companies pay for some of these cleanups. Others are paid for by the public, after gas station owners have declared bankruptcy.
Perchlorate has contaminated aquifers in several regions of the country, resulting from the use of perchlorate as an oxidizer in rocket fuel. Unburned rocket fuel residues were disposed of in unlined holding ponds or leaked into the soil from accidents or poor handling. The antithyroid actions of perchlorate placed pregnant women and their unborn babies at risk. However, the safe level is not well de ned (Crump et al. 2000; Lawrence et al. 2000; Xiao et al. 2000) . The US military and (theoretically) deep-pocket defense contractors are responsible for the pollution. Cleanup of the contamination has been vigorous and very expensive; heavily contaminated drinking water wells have been shut down. Nevertheless, it will be many years before perchlorate is removed in several locations. Cleanup of the contamination resulting from a re at a facility near Lake Mead in Arizona has been unsuccessful, resulting in long-term contamination of the Colorado River. However, the contamination in the Colorado River below Lake Mead is below existing levels of regulatory concern.
When the accidental contaminants have a limited area of distribution in ground water, a complete cleanup of the contaminated shallow aquifer is sometimes possible. Many chemicals such as benzene have short half-lives in ground water, so active cleanup or treatment may not even be necessary. However, the accidental pollutants cited above are notable for their long persistence in water. The decisions that have been and are being made in the cases described are representative of the different options available. These depend on the extent of contamination, projected costs, the identi cation of a deep-pockets responsible party, and other factors. DBCP is left in the ground water, MTBE is, in general, being removed, and perchlorate is being removed, when possible. Dozens of other chemicals like these have been found in both ground water and surface waters. A general princi-pal is that the greater the total use of a chemical, the more likely that it will be detected in our water supplies. Also the longer its environmental half-life, the more likely it will accumulate. Even human drugs such as antibiotics and birth control hormones are now being detected in water (Belfroid et al. 1999; Hirsch et al. 1999) . Considering the dozens of unwanted contaminants that have been detected in ground water and surface waters over the last few decades, the potential for water contamination should be part of the preproduction decision process for every chemical.
CONCLUSIONS
Many drinking water contamination problems exist, and their control requires hard choices. Decisions are not made solely according to risk assessment criteria, but on a host of risk management factors. The decisions about acceptable levels of toxic chemicals in drinking water depend on source of the contaminant, offsetting bene ts, and costs of control. A limited availability of purer drinking water sources must be considered. Many decisions occur in a public forum, such as public votes for or against uoridated water. Some occur in regulatory agencies, without public discussion.
The responsibility of the OEHHA is to provide as speci c and up-to-date information on toxicity and public health risk as possible, to be incorporated into the decision-making process. Estimation of a chemical concentration or dose that can be assumed to be safe does not mean that higher doses are necessarily unsafe, but that there is more uncertainty about safety at higher doses. Sensitive populations such as elderly people or others with impaired kidney function may need to be concerned in some cases. Information about potentially sensitive populations should be provided and be part of the discussions. In providing information, as represented by the Public Health Goals for chemicals in drinking water, OEHHA is not making risk management recommendations. The decisions about acceptable levels of chemicals should consider the potential risks and the uncertainties inherent in the toxicological and epidemiological data.
In addition, it seems appropriate to consider drinking water purity as a whole, not just on an individual chemical basis. Chemicals may have additive, synergistic, or competing effects, and the different water treatment options can affect the levels of several chemicals at once. We believe that public health is best served by devoting more resources to control of the greatest risks. The relatively high risk that society has chosen to tolerate for the trihalomethanes as disinfection by-product s provides an example of the way the process has been working to date. However, the availability of more toxicity information and better risk assessments for all the chemicals in drinking water should not be taken as a mandate to purify water to any arbitrary, and perhaps unattainable, standard. As a society, we have to make sensible choices about how pure we want our water to be. Better control of the chemicals we use, and discard, should be considered an essential part of our efforts to provide a cleaner and safer drinking water supply.
